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PATENT 


Me-thod and Apparatus for Iniection-Molding Plastic Material 
Articles Consisting of a Pltiralitv of Components 

FIELD OF TH£ INVENTION 

The present invention is related to the field of pla-stic mate- 
rial injection-molding. 

Still more specif ically, the invention is related to a method 
of injection-molding plastic material articles consisting of a 
plurality of components, comprising the steps of: 
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a) providing an injection molding machine having a stack 
mold in which a center platen on a first side thereof co- 
operates with a first mold portion via a first separation 
plane and, on a second side thereof cooperates with a 
eecond mold portion via a second separation plane, the 
stack mold being provided with a plurality of first, 
smaller cavities as well as with a plurality of second, 
larger cavities; 

b) injection-molding of the first components of the plastic 
material article in first cavities located in the first 
separation plane? 

c) unmolding the first components from the first cavities; 

d) transferring the first , components from the first separa- 
tion plane to the second separation plane; 

e) placing the first components into the second cavities; 

f) injection-molding the second components on the first com- 
ponents within the second cavities; and 

g) unmolding the plastic material articles from the second 
cavities • 


The invention, further, is related to an apparatus for injec- 
tion-molding plastic material articles consisting of a plural- 
ity of components comprising; 
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a) an injection molding machine having a stack mold in which 
a center platen on a first side thereof cooperates with a 
first mold portion via a first separation plane and, on a 
second side thereof cooperates with a second mold portion 
via a second separation plane, the stack mold being pro- 
vided with a plurality of firsts smaller cavities as well 
as with a plurality of second^ larger cavities; 

b) means for injection-molding 

of the first components of the plastic material ar- 
ticls in first cavities located in the first sepa- 
ration plane; 

of the second components on the first components 
within the second cavities; 

c ) a handling system for 

unmolding the firs;t components from the first cavi- 
ties? 

transferring the first components from the first 
separation plane to the second separation plane; 

placing the first ■ components into the second cavi- 
ties, and 

unmolding the plastic material articles from the 
second cavities. 
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background: of the invention 

A method and an apparatus of the type specified before is dis- 
closed in German patent specification 197 49 245 C2. 

The invention^ moreover, is related to a method for injection- 
molding plastic material articles in an injection molding ma- 
chine having a mold in which at least one first mold portion 
cooperates with at least one second mold portion via at least 
one separation plane. 

Finally, the invention is related to an apparatus for injec- 
tion-molding plastic material articles in an injection molding 
machine comprising a mold in which at least one first mold por- 
tion cooperates with at least one second mold portion via at 
least ons separation plane* 

A method and an apparatus of the last-mentioned kind are gener- 
ally known in the art. 

Within the technology of pla'stic material in jection-molding, it 
is well known to manufacture plastic material articles from a 
plurality of components. These various components may, e*g., 
consist of different plastic' materials in order to take care of 
different requirements within different surface areas of the 
manufactured plastic material article. However, the various 
components may also consist 'of the same plastic material, how-- 
ever, being of a different color. By doing so, it is possible 
to manufacture multi-colored' plastic material articles* 
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Various methods and ^pparatuises have been utilized for manufac- 
turing such multi-component plastic material articles. It is, 
for example^ well known to provide different hollow cavities or 
two groups of differently shaped hollow cavities, respectively, 
within one injection mold. In a first step, a first component 
of plastic material article is manufactured within the small 
hollow cavities by in jection-molding. One may now transfer this 
component into the larger hollow cavity or, by appropriately 
displacing the mold one may configurate another hollow cavity 
above the component just manufactured. In any event, the second 
component of the plastic material article is directly injec- 
tion-molded onto the first component in a further method step 
so that the two components 'are intimately adhered to one an- 
other . ! 

It should be mentioned at this instance that the invention is 
not at all limited to the field of manufacturing multi- 
component plastic material articles. Instead, the invention may 
also be advantageously used! for general applications, as long 
as areas of different temperature within the mold are con- 
cerned. The same applies for the use of stack molds which is 

also to be understood only as an example within the context of 

I 

the present invention- ; 

Published European patent application EP 0 903 213 A2 discloses 
various apparatuses and methods for manufacturing such plastic 
material articles. However, ^ a technology is utilised in which 
an arm of a handling system or robot transversely enters into a 
gap between two mold portions of an injection mold when the 
latter is in its open operational position. After having en- 
tered between the mold portions, appropriate gripping elements 
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transfer the components within the mold and unmold finished 
plastic material articles from the mold, respectively • In one 
of the shown and described embodiments (Figs. 14A through 14t.) ^ 
a stack mold is utilised for that purpose. The term "stack 
mold" is to be understood to mean an injection-molding tool 
consisting of at least thre^ portions^ the center portion of 
which being identified as "center platen" within the art. The 
other two mold portions are; located on opposite sides of the 
center platen, A stack mold, therefore, has at least two sepa- 
ration planes, namely on both opposite sides of the center 
platen in the transitory region to the two adjacent mold por- 
tions. 

In the prior art apparatus', there is both a smaller and a 
larger hollow cavity within each separation plane. The two 
smaller hollow cavities are; used for manufacturing the first 
component of the plastic material 'article as already mentioned 
above. The first components/ when having been manufactured ^ are 
subsequently transferred to the larger hollow cavities and re- 
plete same by about one half. The second component is then di- 
rectly injection-molded onto the first component within the 
larger hollow cavity. 

The already mentioned robot arm is utilised for transferring 
the components and for unmolding the finished plastic material 
articles, respectively. The' robot arm is adapted to be dis- 
placed in a transversal direction in the one or in the other 
separation plane and, moreover, may be displaced in a direction 
parallel to the opening or closing direction, respectively, of 
tbe mold so that it may be ' brought into positions where it is 
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flush with the one or with the other separation plane, respec- 
tively. 

During the transfer of the first component from the smaller 
hollow cavity to the larger hollow cavity, a change in separa- 
tion plane 1b n^ade in this prior art apparatus* Therefore, a 
first component having been manufactured within the first sepa- 
ration plane is then transferred into the larger hollow cavity 
in the other separation plane. For executing these transfers, 
the robot has a holding assembly on its free end. On both sides 
of the holding assembly, there are two grippers each for grip- 
ping components or work pieces, respectively, the grippers be- 
ing configurated, for exaitiple, as suction heads. The grippers 
on each of the sides have a distance one from the other that is 
equal to the distance between the smaller and the larger hollow 
cavity within the two separation planes of the mold. The hold- 
ing assembly may be pivoted by 180° about an axis lying in the 
center between the two grippers and extending parallel to the 
direction of opening and closing of the mold. This prior art 
apparatus together with its associated method has two substan- 
tial disadvantages : 

The first disadvantage consists in that each separation plane 
is provided with a large well as with a small hollow cavity. 
This requires a complicated temperature control in the area of 
the two separation planes. As is well known in the art, one has 
to cool or to temperature-control injection molds during their 
operation in order to obtain optiiaum results. The requirements 
on such temperature control vary substantially^ depending on 
the size of the hollow cavity because the amount of heat 
brought into the hollow cavity highly depends on whether a 
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larger or a smaller mass of liiquidr i*e. very hot plastic mate- 
rial is injected into various vol^imes of cavities* 

A second disadvantage lies in the fact that a substantial 
amount of control is required due to the complicated reciprocal 
movements of the robot between the two separation planes which 
also implies relatively long transfer times ^ However, in modern 
plastic material injection molding machines, this is highly un- 
desired because the productivity of a plastic material injec^ 
tion molding machine highly depends on the cycle time. In the 
prior art apparatus and method discussed before ; the cycle time 
to a high extent is determined by the displacement times of the 
handling systems, in particular of the robot arm when moved 
along the two necessary axes* Still worse, in the prior art ap- 
paratus, the stack mold is firstly opened only in the area of 
one separation plane for allowing the robot arm to enter into 
that separation plane, as the i mold is still closed in the other 
separation plane- Only when ,the robot arm is about to enter 
into the second separation plane, the mold is also opened in 
the area of that second separation plane, however, it is then 
again closed in the area of ; the first separation plane. This 
requires a high amount of conltrol in the area of the mold which 
is still more highly undesired because the mold may only be 
displaced relatively slowly due to its inherent inertia mass, 
in any event it is considerably slower as compared to the dis- 
placeable components of tHe handling system, 

German patent specification 197 49 245 CI mentioned at the out- 
set discloses a method and an apparatus for injection-molding 
smart cards. Smart cards comprise a coil. For manufacturing the 
smart cards ^ a first card portion is injection-molded in a 
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first hollow cavity. The coil is then applied to that first 
card portion. After having transferred the first card portion 
from the first hollow cavity to a second hollow cavity, a sec- 
ond card portion is in jection!-molded onto the first card por- 
tion, such that the coil is embeddeid between the two card por- 
tions. In a more general aspect, it is also disclosed in that 
specification that plastic material articles may be provided 
with items between two halves | thereof or may be machined there- 
between. Further (Fig, 23), :a potential application is dis- 
closed in which a stack mold is utilized for manufacturing 
these articles. In an open condition of the stack mold, a fork- 
type handling arm enters into the two gaps being open between 
the center platen on the one hand and the two lateral mold por- 
tions on the other hand, when | the stack mold is in its open op- 
erational position* The handling arm unmolds the first part 
portions on the one side and jtransfers same to an external ap- 
plication station outside, the injection molding m&chine. When 
the coils have been applied! to the first card portion, the 
first card portions are transferred to the other handling arm 
and, when the handling arm again enters into the mold^ that 
handling arm enters into the second separation plane and places 
the card portions together with the coil into the larger hollow 

cavities which are located in! that second sepax-ation plane, 

I 

It is, therefore, an object underlying the invention, to provide 
a method and an apparatus ■ of | the type specified at the outset, 
such that the afore-mentioned disadvantages are avoided. In 
particular, the invention shall allow to simplify the design of 
the injection mold, to accelerate the process and, hence, to 
shorten the cycle time. Moreover, the reliability of the proc-- 

! 
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ess and the quality of the plastic material articles so manu- 
factured, shall be enhanced. ; 

I 

SUMMARY OF THE It<rVENTION 

According to a first method of the type specified at the out- 
set, this object is achieved in that the stack mold is tempera- 
ture-controlled differently in the area of the first separation 
plane and in the area of the second separation plane. 

According to a second method jof the type specified at the out- 
set, this object is acbievedl in that steps c), e) and g) are 
executed essentially independently one from the other. 

According to a third method of the type specified at the out- 
set, this object is achieved 'according to the invention in that 
the mold is temperature-contrblled differently in different ar- 
eas of the at least one separation plane. 

According to a first apparatus of the type specified at the 
outset, the object underlying the invention is solved in that 
the stack mold in the area of the first separation plane and in 
the area of the second separation plane is provided with assem- 
blies for different teiuperatdre-control . 

In a second apparatus speciflied at the outset, the object un- 
derlying the invention is solved in that the handling system is 
provided with at least two arms adapted to be advanced into the 
first separation plane and into the second separation plane, 
respectively, essentially independently one from the other. 


In a third apparatus of the type specified at the outset , the 
object underlying the invention is solved in that means are 
provided for temperature-controlling the mold differently in 
different cireas of the at lei&f'^ separation plane. 

The object underlying the invention is thus entirely solved. 

Namely, if ^ for example, all Ifirst hollow cavities are located 
within the first separation plane and all second hollow cavi- 
ties are located in the second separation plane and a tempera- 
ture control is effected of tf^e type mentioned before, a highly 
simplified setting ot the ;temperature within the mold is 
achieved. This is because one; may optimize the temperature con- 
trol for smaller hollow cavities alone within the one separa- 
tion plane and for larger hollow cavities alone within the sec- 
ond separation plane. Accordingly, the masses within the mold 
become smaller and, hence, higher displacement speeds become 
possible, whichr again, results in shorter cycle times. 

If the various steps specified above are executed independently 
one from the other, in particular by utilizing a handling sys- 
tem having a plurality of arms adapted to enter into the mold 
simultaneously^ the sequence of movements is simplified and 
likewise shortened so that, again, a contribution to the reduc- 
tion of cycle time is made. ; 

Seen as a whole, in the manufacture of plastic material arti- 
cles consisting of a plurality of components in a stack mold, 

i 

the invention yields substantial simplifications as compared to 
the prior art, both under apparatus aspects and under process 
aspects so that the cycle time may be substantially reduced- 
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The invention^ further, has the advantage that due to the dif- 
ferent temperature control and settings, the different sizes of 
hollow cavities within the separation planes may wholly be 
taken into account » This not only contributes to an increase in 
quality of the plastic material articles so manufactured. Fur-- 
ther, in the area of a separation plane where a simpler tem- 
perature control assembly is sufficient r the design is simpli- 
fied and the masses to be moved are reduced. 

Finally f the invention has the advantage that when the arms are 
adapted to be moved independently from one another, individual 
processes may be executed, for example distinctly configurated 
arrangements of hollow cavities within the two reparation 
planes may be approached individually* 

According to a still further preferred improvement of the in- 
ventive method for injection-molding plastic material articles 
consisting of a plurality of components, a first component is 
firstly manufactured by injection-molding and then a second 
component is injection-molded on the first component, wherein 
the second component essentially encloses the first component. 

This measure has, for example, the advantage that thick-walled 
articles may be injection-molded in a reliable manner, in that 
first a ** nucleus" and then one or more shells or enclosures are 
injection-molded around the nucleus- when doing so^ problems 
that would normally occur in connection with thick-walled arti-- 
cles do not occur, in particular with respect to the cooling 
dowD or the re-melting of surface areas. 
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In still another preferred impirovemeni: of this embodiment,, the 
first component is essentially cylindrical and the second com- 
ponent surrounds the first component like a cylinder jacket or 
Sleeve, As an alternative, one may also provide an article in 
which the second component goes through the first component, 

Xt^ese measures have the advantage that complex in particular 
thick-walled articles, may be manufactured which, for example, 
may consists of the isame or of two or more different plastic 
materials and/or of plastic materials of different color. 

According to a preferred embodiment of the invention, the han- 
dling system is provided with a robot having arms, the arms, 
when the stack mold is open, ■ being adapted to be advanced in a 
direction essentially perpendicular to the opening direction 
into gaps between the center ; platen and the first and the sec- 
ond mold portion, the arms extending essentially in the direc- 
tion of advancement. 

These measures have the advantage that a substantial reduction 
in time with respect to the necessary transfer steps within the 
injection mold become possible because the mold may be opened 
simultaneously in the area of the two separation planes and the 
handling system may also enter simultaneously into the two 
separation planes for then executing the required transfers. It 
is, therefore, no more necessary to displace the handling sys- 
tem in a direction parallel to the opening direction of the 
mold. 

In any event, it is preferred under the present invention when 
a first arm adapted to be advanced into the first separation 
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plane on one side -thereof is provided with seats for first coin-' 
ponents, and a second arm adapted to be advanced into the sec- 
ond separation plane on both sides thereof is provided with 
seats for plastic material articles. 

These measures have the advantage that also with respect to the 
necessary seats or grippers or holders , the design is as simple 
a&. possible because the afore-described configuration is suffi- 
cient to effect all required transfer steps and to unmold the 
finished plastic material articles from the injection mold. 

In a prof^rred improvement of this embodiment, the second arm 
comprises two sub-arm$, the seats of the second arm being lo- 
cated on opposite sides of the sub-arms* 

This measure has the advantage that for the seats oriented 
along the two directions like components configured as the two 
sub-arms may be utilized which only need to be mounted in oppo- 
site directions on the one arm* 

According to another embodiment of the apparatus, a transfer 
station is provided for transferring the first components from 
the seats of the first arm into seats of the second arm. 

This measure has the advantage that the robot may be put to a 
standstill during that phase, i.e, it is not necessary to dis- 
place same in a direction parallel to the opening direction of 
the mold. Instead one only needs a relatively small and, 
hence, quickly displaceable transfer station effecting the 
transfer of the component quickly and safely- 
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This holds true in pairticular when the transfer station is 
adapted to be displaced in a direction perpendicular to the 
sides of the arms, wherein it is further preferred when the 
transfer station is located adjacent the first arm, the first 
components being adapted to be transferred from the first arm 
directed to the transfer station* 

A particularly good effect is achieved ,in that case if after 
the transfer of the first components tihe first arm is adapted 
to be displaced out of the trajectory of the transfer station, 
the transfer station being adapted to be displaced into a posi- 
tion adjacent the second arm. 

This measure, too^ has the advantage that due to a minimized 
sequence of movement Sjr i,e- by moving only those elements that 
absolutely need to be displaced, an extremely fast process be- 
comes possible - 

In another embodiment of the invention, however ^ one may also 
provide that the robot is adapted to be rotated about an axis 
extending parallel to the advancement direction, such that af- 
ter x^otation the first arm is flush with the second separation 
plane and the second arm is flush with the first separation 
plane * 

Deper^ding on the design of the injection molding machine and of 
the handling system, this embodiment may be advantageous under 
dynamical aspects • 
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In connection with this embodiment it is preferred when the 
second arm is adapted to be rotated about an axis extending 
parallel to the advancement direction. 

This measure has the advantage that a fast transfer also be- 
comes possible in the area of the second arm- 

In- all embodiments of the invention, i_t is preferred when a 
conveyor is provided for carrying avray the plastic material ar- 
ticles in the area of the second arm. 

This measure has the advantage that the plastic material arti- 
cles may be transferred to the conveyor at a location where 
they are nnmolded from the tool, for carrying them away sub- 
sequently as quickly as possible. 

Depending on the configuration of the robots the plastic mate- 
rial articles may be transferred to the conveyor from the sec- 
ond arm on the side opposite ' the first arm or from the second 
arm on the side facing the first arm. 

Further advantages will become apparent from the description 
and the enclosed drawing- 

It goes without saying that the features mentioned before and 
those that will be explained hereinafter may not only be used 
in the particularly given combination / but also in other combi- 
nations or alone without leaving the scope of the present in- 
vention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 


Embodiments of the invention are shown in the drawing and will 
be discussed in further detail throughout the subsequent de- 
scription . 


Fig* lA shows a highly schematic top plan view on an eiubodi- 
luen-t of an inventive apparatus for injection-molding 
plastic material articles consisting of a plurality 
of components^ with which the inventive method may 
be carried out; 


Fig* IB is a side-elevational, cross-sectional view on a 
plastic material article consisting of a plurality 
of components^ on a highly enlarged scale; 

Fig- 2 is a highly schematic depiction of the apparatus of 
Fig* lA in a first operational position; 

Fig. 3 is an illustration, similar to that of Fig. 2, how- 
ever, for a second operational position; 

Fig. 4 is an illustration, similar to that of Fig. 2^ how- 
ever, for a third operational position; 

Fig, 5 is an illustration similar to that of Fig, 2, how- 
ever, for a fourth operational position; 


Fig. 6 


is an illustration, similar to that of Fig* 
ever; for a fifth operational position; 


2 , how- 
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Fig* 7 is an illustration, similar to that of Fig. 2, how- 
ever, for a sixth operational position; 

Fig- 8 is an illustration, similar to that of Fig- 2^ how- 
ever^ for a seventh operational position; 

Fig. 9 is an illustration, similar to that of Fig. 2, how- 
ever, for another embodiment of an inventive appara- 
tus? 

Fig. 10 is an illustration, similar to that of Fig. 2, how- 
ever, for still another embodiment of an inventive 
apparatus; 

Fig* 11 is an illustration, similar to that of Figs, lA and 
IB, however, for still another plastic material ar- 
ticle in which a second component encloses a first 
component like a cylindrical jacket or sleeve? 


Fig, 12 is an illustration, similar to that of Fig. 11, how- 
ever^ for still another plastic material article in 
which a second component goes through a first compo- 
nent - 


DETAILED D£;^CRIPTI0N OF THE PRgFBRR:gD EMBODIMENTS 


In Fig, lA, reference numeral 10 schematically indicates a 
plastic material injection molding machine adapted for manufac- 
turing plastic material articles consisting of a plurality of 
components * 
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It should be emphasized at this occasion that the invention is 
not at all limited to the field of manufacturing multi- 
component plastic material articles. Instead, the invention may 
advantageously be utilized quite generally in the field of 
plastic material injection molding, unless the contrary is ex- 
plicitly stated. The invention, further, is not limited with 
respect to certain plastic luaterial injection molding machines 
or certain molds used therein, i-e, for example not limited to 
the use of stack molds unless something else is explicitly 
specified within the scope of the present invention. 

Injection molding machine 10 comprises a stack mold 12 being 
shown in Fig. lA in its open . position . Stack mold 12 comprises 
a center platen 13. A first' side 14 thereof, being the left 
hand side in Fig* lA, adjoins" a first mold portion 15. A second 
side 16 of center platen 13, being the right hand side in Fig. 
lA, in contrast, adjoins a second mold portion 17, Therefore, a 
first separation plane 1 is defined between center platen 13 
and first mold portion 15. Likewise, a second separation plane 
II is defined between center platen 13 and second mold portion 
17. 

As may further be seen from Fig. lA, first mold portion 15 is 
connected to a base 18 and is, therefore, stationary. A shorter 
arrow 19 within center platen 13 and a longer arrow 20 within 
second mold portion 17 indicate that center platen 13 and sec- 
ond mold portion 17 are adapted to be displaced relative to 
stationary, first mold portion 15. Conventionally, second mold 
portion 17 is displaced with twice the velocity as compared to 
that: of center platen 13 so that stack mold 12 opens up like- 
wise in the area of first separation plane I and second separa- 
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tion plane II, The gaps so generated are indicated at 21 in the 
area of a first separation plane 1 and at 22 in the area of a 
second separation plane II* Reference numeral 23 designates a 
first axis coinciding with the direction of opening and clos- 
ing,, respectively, of stack mold 12. 

A first injection inolding assenibly 26 ^ i*e, a plastifying cyl-- 
inder of conventional design together with its associated sec- 
ondary elements/ is connected to first mold portion 15. All 
this arrangement is conventionally stationary, A second injec- 
tion molding assexnbly 27 is adapted to be connected to center 
platen 13 , wherein the connection between second injection 
molding assembly 27 and center platen 13 must be renewed each 
time when stack mold 12 is closed again. Various kinds of plas- 
tic materials or like plastic materials of different color may 
be fed via injection molding assemblies 26 and 27. 

Reference numeral 28 designates a first variable temperature 
assembly in the area of first- mold portion 15, whereas refer- 
ence numeral 29 designates a second variable temperature assem- 
bly within second mold portion- 17, 

Variable temperature assemblies 28- and 29 are used to set and 
control temperatures, i,e* to heat up and cool down stack mold 
12 in the area of the 'cavities provided therein. 

One should remember at this instance that variable temperature 
assemblies 2 8 and 29 should be -understood to be only an example 
in connection with their use. within stack mold 12, Similar 
variable temperat:ure assemblies may of course be utilized in 
connection with other types of molds or stack molds, i.e. in 
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connection with stack molds • consisting of five or more mold 
portions. Moreover, the invention encompasses also the use of 
variable temperature asserciblies under a very general aspi^ct^ 
e»g* also for molds consisting of only two mold portions. 

In Fig* lA, first hollow cavities are designated at 30a through 
30d- First cavities 30A through 30d are located on first side 
14. of Gent:er platen 13* First mold portion 15 has a plane sur- 
face on the opposite side, i. e, is not provided with its own 
hollow cavities on that surface* 

In contrast/ second hollow cavities are designated at 32a 
through 32d. Second hollow cavities 32a through 3 2d are config- 
ured on second side 16 of center platen 13 together with the 
opposite surface of second mold portion 17, Second hollow cavi-^ 
ties 32a through 32d are, for example, configurated by two 
equally large hollow cavity halves each^ one of which being on 
second side 16 and on the opposite surface of second mold por- 
tion 17* The resulting large! hollow cavities 32a through 32d 
within second separation plane' II have the same cross-sectional 
area as first hollow cavities 30a through 30d within first 
separation plane I, however, they are deeper and their volume 
is, hence, larger. 

It goes without saying that the afore-explained arrangement of 
hollow cavities 30a through SDd and 32a through 32d shall only 
be understood to be an example. The important thing is that two 
groups of cavities of like size are provided with all hollow 
cavities of one sise being located in the one separation plane 
and also the hollow cavities of the other size being located in 
the other separation plane* ; 
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Further^ a handling system^ designated at reference numeral 40, 
belongs to injection molding machine 10. 

Handling system 40 as a whole is adapted to be displaced along 
a second axis 41, Second axis 41' extends perpendicularly to 
first axis 23- Preferably, both axes 23 and 41 extend horizon- 
tally, however, also other configurations are deemed to be pos- 
sible, for example such that first axis 23 extends horizontally 
and second axis 41 extends vertically - 

Handling system 40 comprises a movable robot 42 having a direc- 
tion of displacement along second axis 41 » This is indicated in 
Fig. lA by a double arrow 4 3.' 

Robot 42 comprises a plate 44; extending preferably transversely 
relative to second axis 41. A first arm 45 as well as a second 
arm 46 protrude from plate 44 and are directed towards stack 
mold 12. Second arm 46 preferably comprises a first sub-arm 47 
as well as a second sub-arm 48. Sub-arms 47 and 48 are arranged 
parallel to one another and directly adjacent one to the other. 
Preferably, they are designed identically^ however, pivoted by 
180° relative to one another, as will be explained further be- 
low. 

Also insofar it should be mentioned that the illustration shall 
only be understood as an example. Arms 45 and 4 6 must not at 
all be securely fixed to common plate 44, Instead, it is highly 
preferred in the context of ' the present invention when both 
arms 4 5 and 4 6 may be displaced absolutely independently one 
from the other, in particular by their own displacement drives 
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(not shown). However, they may also be positioned on a common 
plate and may be individually displaced relative to that plate. 

On the left hand side of first arm 45 in Fig, lA, there are 
four seats 49a through 49d. Likewise, first sub-arm 47 on the 
left hand iside in Fig. lA is provided with four seats 50a 
through 50d and second snb-^xm 48 is likewise provided with 
four seats 51a through 51d on the right hand side. Seats 49a 
through 49d, 50a through 50d, and 51a through 51d are arranged 
in the same raster. This raster corresponds to the arrangement 
of hollow cavities 30a through 30d and 32a through 32d within 
stack mold 12. As seats 50a through 50d and seats 51a through 
51d are located on opposite sides of sub-arms 47 and 48, they 
may be configured identically relative to one another, however, 
are arranged at positions rotated by 180* on plate 44. 

A double arrow 52 finally indicates that first arm 4 5 may be 
displaced in a direction parallel to second axis 41 relative to 
plate 44. This will be explained in further detail below to- 
gether with Fig. 6* 

Further, handling system 4 0 comprises a transfer station 56. 

In the embodiment shown in Fig. lA, transfer station 56 is lo- 
cated on the left hand side of first arm 45 next to robot 42. 
Transfer station 55 is adapted to be moved parallel to first 
axis 23/ i-e, under right angles relative to second axis or 
axis of displacement 41 of robot 4-2. This is indicated by a 
double arrow 57, 
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Transfer station 56 comprises a transfer plate 58 extending 
parallel to arms 45 and 46;. 'Transfei: plate 58 is provided with 
seats 59a through 59d on its right hand side in Fig. i, wherein 
the raster of these seats 59a through 59d again corresponds to 
the raster of the other seats 49a through 49d, 50a through 50d, 
and 51a through 5 Id. 

Finally, injection molding machine comprises a conveyor 64 for 
carrying away the finished plastic material articles from the 
area of handling system 40;. Conveyor 64 is provided with con- 
veyor paths 65a through 65d having a distance one from the 
other corresponding to the raster of various seats 49, 50, 51, 
and 59. 

In the top plan view of Fig. lA, four hollow cavities 30, 32 
each and seats 49, 50, 51, and 59 are shown. However, it goes 
without saying that in front of and behind these elements, 
still further elements may be located so that a two-dimensional 
raster of, for example, 4 x 4 = 16 such elements is used. How- 
ever, also this is only to be understood as an example. 

Finally^ Fig. IB on a highly enlarged scale shows a cross- 
sectional view of a plastic, material article 70 consisting of a 
first component 71 and a second component 72. Fig, IB shows an 
essentially plane plastic material article 70, however, this is 
also to be understood just as an example. 

Plastic material article 70 may, for example, comprise a first 
component 71 from a non-transparent plastic material. A print, 
photograph or the like may be applied to the right hand side of 
first component 71 in Fig. dB. Second component 72 may be made 
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from another, transparent plastic material such that the print 
or photo remains visible. By doing so, plastic material arti- 
cles 70 with various decorations may be manufactured. However, 
it goes without saying also here that the illustration in Fig. 
IB is only to be understood' as an example. Plastic material ar- 
ticle 70 may, of course, have any conceivable shape. It is, 
further, not necessary that; components 71 and 72 be of the same 
size or be equally thick because ' also highly diverging ratios 
of size and/or volumes may be used. There is no restriction 
whatsoever insofar. 

The operation of the apparatus shown in Fig. lA shall now be 
explained with the help of Figs . 2 through 8 , showing various 
operational positions. For that purpose, only the elements of 
interest during a particular operational position are desig- 
nated with reference numerals. 

In Fig. 2, displaceable robot 42 has already left its initial 
position of Fig. lA in a downward direction as indicated by ar- 
row 75. At this moment in time, first components 71 having been 
manufactured during preceding phases of the process are located 
on the surface of first mold portion , 15. Other first components 
71 are located on the left hand side of first sub-arm 47 by 
means of seats 50a through 50d. Finally, at that moment in time 
finished plastic material articles are already located in sec- 
ond mold portion 17. 

In the subsequent method step according to Fig. 3, first compo- 
nents 71 are now transferred from first mold portion 15 to the 
left surface of first arm 45 or to seats 4 9a through 4 9d 
thereof, respectively, as indicated by an arrow 76. Simultane- 
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ously/ the transfer of first componer^ts 71 takes place, which 
are taken away from first s\ib-arm 47 and transferred into the 
left halves of second hollow cavities. 32a through 32d within 
center platen 13. This is indicated by an arrow 7 7 in Fig, 3* 

Further simultaneously, finished plastic material articles 70 
are unmolded from second mold portion 17, Plastic material ar- 
ticles 70 are transferred from' the right, surface of second sub- 
arm 4 8 or seats 51a through 51d thereof. This is indicated by 
an arrow 7 8 in Fig. 3* 

As 3oon as these transfers (arrows 76, 7 7 and 78) have been 
completed, robot 42 again moves upwardly, as indicated by an 
arrow 79, As soon as arms 45, 47 and 48 have moved away from 
gaps 21 and 22, stack mold 12, is closed as indicated with ar- 
rows 80 and 81, ; 

Fig* 4 shows the situation where stack mold 12 is now closed. 
Robot 42 is located in its • uppermost terminal position corre- 
sponding to the initial position of Fig. lA. 

An arrow 82 indicates that first components 71 are now trans- 
ferred from transfer plate 58. to transfer station 56, Simulta- 
neously ^ finished plastic material articles 7 0 are transferred 
from second sub-arm 48 onto 'conveyor 64, as indicated by an ar- 
row 8 3, , 

Fig, 5 shows that plastic material articles 7 0 are now carried 
away on conveyor 64, as indicated by an arrow 84* 
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While all this happens, the next "shot" of injection molding 
machine 10 takes place, 

Foir that purpose, a predetermined amount of liquid plastic ma- 
terial is ejected from first injection molding assenODly 26 to 
first mold portion 15, as indicated tly an arrow 85, At the same 
moment in time, a connectic>n is ntade between second injection 
moiding assembly 27 and center platen 13, and a shot indicated 


by an arrow 86 is fired from second 
27, 


injection molding assembly 


By doing so, first components 71 
hollow cavities 30 by means of first 
26. 


are generated within first 
injection molding assembly 


On the other hand side, injecting pljastic material from second 
injection molding assembly 27 into center platen 13 has the ef- 
fect that the first components 71 iocated in the left hollow 
cavity half of second hollow cavity 32 (cf. Fig. 3) are trans- 
ferred into the right hollow cavity half, while the second com- 
ponents 72 are injection-molded on the first components 71 in 
the remaining free space ^ ] 

Fig. 6 illustrates the action of transfer station 56, In order 
to allow movement of the latter, first arm 45 must first be 
moved away from the trajectory of transfer station 56 » This is 
preferably made along a linear ^ upwardly directed movement as 
shown by an arrow 87. After the way j for transfer station 55 to 
the right hand side is now free, it may be advanced as shown 
with an arrow 88- The first components 71 located on plate 44 
are thereby taken along towards the right hand side. 
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As soon &s plate 44 has reached its ' right hand terminal posi- 
tion, as shown in Fig, 7, the first, coitiponents 71 may be trans- 
ferred to first sub-arm 47, as indicated by an arrow, 89, Trans- 
fer station 56 may now be moved back | again into its initial po- 
sition according to Figs. 1- through 6 in the direction of arrow 
90- 

As shown in Fig, 8^ stack laold 12 may now be opened, as shown 
with arrows 92 and 93 for center plaien 13 and second mold por- 
tion 17* As soon as stack mold 12 has been entirely opened, in- 


jection molding machine 10 has again 
tion of Fig, 1. 


assumed its initial posi- 


With irespect to the a.foir^ fdescription of the various process 
steps, it goes without saying that the phases or steps shown in 
Figs. 2 through 8 must not necessarily be executed subse- 
quently* Instead, it would be desirable to achieve the largest 
possible overlap in time up to a jparallel execution of the 
steps, so that the entire cycle time can be made as short as 
possible. Therefore, if in the course of the preceding descrip- 
tion individual process steps or phases have been explained one 

after the other, this does not meail at all that these phases 

1 

must also be executed subsequently in reality, 

I 

Further, it goes without saying that the transfer steps and 
process steps explained above in detail should only be under- 
stood as an example* As an alterjative , also other process 
steps or transfer steps may be used, as long as they operate 
according to the same principle. 
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However, it is important that the hollow cavities (30a through 
30d) Qf the same volume are always located within the same 
separation plane (I), whereas the hollow cavities (32a through 
326) of the other volume are all located in the other separa- 
tion plane (II). By doing so, variable temperature assemblies 
28 and 29 may be optimised with respect to the particularly 
giv^n hollow cavity size. 

Moreover, it is important that during the movement of robot 42, 
i-e. during advancing arms 45 and 4^ into gaps 21 and 22, this 
is made essentially in synchronism/ i,e, that all arms enter 
into gaps 21 and 22 essentially simultaneously. In the shown 
embodiment, this may be effected in a very simple manner by 
moving arms 45 and 46 on the same pjlate 44 and advancing same 
together* As an alternative^ arms 45 and 46 or sub-arms 47 and 


drive systems by means of 


4 8 may be provided with individual 
which they may enter into gaps 21 and 22. In that situation, it 
would only be necessary to guarantee a certain synchronism of 
the drive systems - 

It has already been mentioned above that the invention may ad- 
vantageously be used also with otiier types of molds* Among 
these would be stack molds having more than one center platen 
and two lateral mold portions, i*eJ for example five or more 
such elements. In such a complicated stack mold, it will be 
possible to manufacture plastic material articles consisting of 
three, four or even more layers. On the other hand side, the 
invention may advantageously be used in connection with very 
simple molds, i.e, molds consisting conventionally 'of two mold 
portions only, within the scope of the knowledge of the skilled 
artisan, the above-described sequence of movements may be ad- 
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justed in such situations which also applies for the required 
handling systems . 

A first example of a ooncGivable variation is shown in Fig, 9. 
The elements are designated with the same reference numerals, 
however, where ever modifications are provided as compared to 
the embodiment of Figs. 1 through 8,. an apostrophe is added- 

In the arrangement of Fig. 9, a handling system 40* is utilized 
which does not require a transfer staftion. 

Instead, robot 42' is, further, adapted to be rotated about 
second axis 41, as indicated by a double arrow 94, By rotating 
robot 42*, first arm 45 is flash withj. gap 21 and second arm 46' 
is flush with second gap 22 in one of, the end position of rota- 
tion, corresponding to the same condi^tions as described above, 

1 

In the other end position of rotation, being not shown in Fig. 
9, the rolationship is just inverted:' because now first arm 45 
is flush with second gap 22 and second arm 46' is flush with 
first gap 21. [ 


Moreover, second arm 46' as a whole 


is adapted to be rotated 


about a thixd axis 95 extending parallel to second axis 41, 
This is indicated by a double arrow 9 


6 in Fig, 9 


By doing so, it is possible to interchange the positions of 


sub-arms 47 and 48, By doing so, the 


position of conveyor 64 or 


its design, respectively, may remain unchanged. 
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The various phases of transfer and fdisplacement of components 
71 f 72 and plastic material articlej' 70, respectively, will be 
apparent for the skilled artisan as corresponding modifications 
of what was described above with respect to Figs, 2 and 8. 


The same holds true for a second variation according to Fig. 

j 

10* In this second variation, like i elements are again desig- 

i, 

nated with like reference numerals with .any changes made being 

indicated by a double apostrophe. [ 

1 

The variation of Fig. 10 distinguishes from the variation of 
Figs. 1 through 8 in that robot 42;" again is made to be ro- 
tatable about second axis 41, as again indicated by double ar- 
row 94, Second arm 46^ in^ contrast} is non-rotatable. On the 
other hand side^ this embodiment 'again is provided with a 

transfer station 56, . | 

ii 
f 

Considering the necessary "sequence lof steps for that embodi- 
ment, the finished plastic material articles are now located on 
the left hand half of first sub-^arm 47^ when they shall be 

transferred to conveyor 64"r. Therefore, the latter is provided 

'i 

with an extension configurated by a Section 98 extending to the 

left hand side until below- first sub-arm 47. Plastic material 

!i 

articles 70 are now transferred to Iconveyor 64' from the left 
side of first sub-arm 47 and are then conveyed below second arm 
4 6 as indicated by arrows 9'9 and lOoj, 

! 

!: 

Fig- 11, similar to the illustration of Figs- lA and IB, shows 
another embodiment of the invention I In the left hand side of 
Fig, 11, one can see a centex platen 13' having a first hoUow 
cavity 30*, having, for example, a circular-cylindrical shape. 
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A first component 71 • has already beeri injected into first hol- 
low cavity 30 * , 


I 


In the right hand half of Fig, 11, ori^e can see a second hollow 
cavity 32'^ into which first component 71' has been placed, for 
example in an a^cial direction, such that a free space remains 
around first component 71'* -First component 71" is held at its 
lateral front sides (not shown) witilhin second hollow cavity 
32** !l 


In Fig- 11, second hollow cavity 32'!" is already repleted with 
injected second component 72* .which/ { therefore^ encloses first 
component 71' like a cylindrical jacket or sleeve- Firat cojnpo- 
nent 71, therefore, configurates af; "core" around which one 
(72*) or more layers may be injectedJ These layers may, for ex- 
ample, consist of different plastic materials, wherein, for ex- 
ample, the inner plastic material riay be hard and the outer 


plastic material may be soft. The j various plastic materials 
used may also have different colors, | 


Fig, 12 shows a variation of the embodiment shown in Fig* 11. 
In Fig, 12 (left hand side), a preform is first manufactured as 
an annul&r first component "71" within first hollow cavity 32'', 
After transfer (right hand side) into second hollow cavity 32", 
first component 71" is fixed within second hollow cavity 32" in 
the shown center position, so that ; it is now accessible from 
both sides* The second hollow- cavityj 32" is now repleted by in- 
jection-molding, whereby the second ! component 72' so generated 
goes through first components 71*'. ! 
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In -the before^described manner, highly complex and also thick- 
walled or compact-integral plastic iiiaterial articles may be 
manufactured. Preferably, components made from different plas- 
tic materials are used having^ for example, different strength 
and/or color. 

Although the invention, as already mentioned, is not limited to 
the manufacture of multi-^component plaatic material articles^ 
it should be mentioned at the ^nd of i this description that such 
multi-component articles gain increasingly importance both, un-- 

i 

der technical and under economical :aspects. In such articles, 
two components are connected such that the plastic material ar- 
ticle being best suited for a specific purpose is located at a 
position where it is most required o'll an injection-molded arti- 
cle in its practical use and, hence > 
Insofar^ this technology is highly 
molding of top quality. 


In the course of such consider at ioips, one must also put the 


question of connecting thermoplastic 


of all kinds and also of duroplastic materials. The connection 


thus achieved is of high importance 


has the best reliability, 
attractive for injection- 


with elastomeric materials 


and iS; inter alia ^ influ- 


enced by the described method and the parameters acting in con- 
nection therewith. The cooling time' of the first component be- 
ing a necessary waiting time until ithe second component may be 
injected thereon, may be of importance for the connection. In 
particular, the injection processes within the two hollow cavi- 
ties have an influence on each other. Therefore, it can be ad- 
vantageous for the proper function of the articles, for an op- 
timum time cycle sequence and in view of economic consider a- 
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tions, to have a technical solution ;at hand, allowing an opti- 
rauiu separation of functions,. 

This becomes particularly clear if it is intended to interc- 
onnect dnroplastic material and/or ; rubber with thermoplastic 
materials in one plastic material article. The hardening tem- 
perature in such situation requires a thermal separation of the 
thermoplastic and the dnroplastic or rubber component from each 
other. This is a problem that has riot been reliably solved up 
to today. For example, it is impossible according to the state 
of the art to let the hardening tempjerature of the duroplastic 
material or of a rubber act on a thermoplastic material, A hot 
hollow cavity is improper for thermoplastic materials. 

In contrast to that, the invention has a number of advantages 
in that highly distinct plastic materials may be selected in 
different areas of the mold at temparatures being optimal for 


their ability to be connected to one 
better quality of the articles and a 


another. This results in a 
shortening of cycle times. 


